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0 Addition of aluminium alicyi for improved metaliocene catalyst 

© The invention Is for a catalyst system for polymerization of olefins using an fonic mettallocene catalyst with 
aluminum alkyl. The metaliocene catalyst is an Ion pair fomned from a neutral metaliocene compound and an 
ionizing compound. The invention can be used in any method of producing ionic metaliocene catalyst. Use of 
aluminum aii<yl with an ionic metaliocene catalyst eliminates the need for using methylalumlnoxane (MAO). 
Catalysts produced by the method of thiis invention have high activity. The invention reduces catdyst poisons 
wNch cause low activity, no activity or uncontrolled polymerizations. Polymerizations using this catalyst system 
are reproducible and controllable. 
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ADDmON OF ALUMINUM ALKYL FOR IMPROVED METALLOCENE CATALYST 

FIELD OF THE INVEMTION: This invention relates. In general, to an Improved catalyst system and. 
specificaUy. to an improved metaflocene catalyst system for polymerfsation of olefins by addition of an 
aluminum alky) and a process for using such a catalyst 

DESCRIPTION OF RELATED ART: Olefins, espedany propylene, may be polymerised to form 
polyolefins In various forms: Isotactjc, syndfotadic and atactic, isotactic polypropylene contains principally 
repeating units with IdenUcal configurations and only a few erratic, brief inversions In the chain. Isotactic 
polypropylene may be structurally represented as 

■■■ I I I I I I I I 



Isotactc polypropylene is capable of being a highly crystalline polymer wltti a crystalfine melting point 
,g and other desirable physical properties that are considerably different from the polymer in an amorphous 
(noTKrystalline) state. 

A syrefiotacfic polymer contains prfncfpally units of exactly attemating stereo isomers and is repre- 
sented by the structure: 



I I I 



T 



25 A polymer chain showing no regular order of repeating umit configurations is an atactic polymer. In 
comnwdal applications, a certain percentage of atactic polymer is typically produced with the isotactic 
form. 

Polymerisation of olefins is primarily with Zeigler-Natta catalysts. One family of Z^ler-Natta catalysts 
Is Group IV metallooene compounds wKh methylalumtnoxane as a cocatalyst It has been demonstrated that 
so a Zelgler-Natta catalyst for olefin polymerisation can be fonned by combining a Group IV metallocene with 
an ionic compound 



Cp - pentamethylcyclopentadienyl 

M - Group IV metal 

R-alkyI 

L- llgand 

[C] - cation 

[A] - anion 

^ The resulting compound Is a metal locene cation which acts as cataiyst The cation [0] of the loftic 

compound reacts with the metallocene to generate an ion pair. The anion, [A], is not coorcfinated or Is only 

loosely coordinated with the catlonic metallocene. 

The following metfx)ds have lieen used to produce the above reaction: 

One-Qectron Oxidation - This method Is illustrated in "Bhylene Polymerisation by a Cationic 
^ l3icycl<^ntadienyl2irconium(IV) AlkyI Complex-, R.F. Jordan, cS.Balgur, R. Wlllett B. Scott, J. Am. Chem. 

Soc., p. 7410-7411, Vol. 108 (1986). These early examples used a Lewis t>ase to make the metal cafton less 

eledrophiiic and [BPh41-was the anion where Ph is CeHs. The reaction occurred In a solvent which was 

coordinated with the cation. These materials were usually of low activity. 

Protonation - This method is illustrated by "Synthesis and Insertion Reactions of Catlonic Alkytols- 

(cyclopentadIenyl)tltanlum Complexes". M. Bochmann. Lf\/!.Wilson, J. Chem. Soc. Commun.. p: 1610-1611. 
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(1966); Cattorec Alkyibcs(cydopen1adienyl)titanfum Gomptexes*. M. Bodvnann. L. Wilson. Organometa!Gc$, 
p. 2558-2563, Vol. 6, (1987): Insertion Reactions of Nitriles in Cationtc Alkyibis(cyclopentadf6nyl)titanium 
Complexes. M. Bochmann, L Wilson, Organometallics, p. 1147«t154, Vol. 7 (1987). 

European Patent Application 0-277-003 relates to work by Turner on a catalyst prepared by a 
5 protonatfon method- A bls(cyclopentacfienyl) metal compound is combined with a compound having a cation 
capable of donating a pfX>ton and an anion having a plurafity of boron atoms. For example, the following 
reaction Illustrates the invention: 

bis(cyclopent8dlenyl)hafnium cfimethyl -i- N,NdtmethyfaniGnium bis(73-dlcarbaundecaborafD) cobaftate(in) 
[CpsHfMelB] CH4 -i^ N.r4-cfimethyianmne 

10 where [B] is 7.8-dicarbaundecdborane. 

European Patent Application 0-277-004 also relates to woric t>y Turner on a catalyst prepared by a 
protonalion method. A fc>ls(cydopentadienyl) metal compound is combined vwth an ionic compound having a 
cation which will irreversibly react with a tigand on the metai compound and an anion having a plurality of 
itpophific tadicals around a metal or metalloid ion. For example, the following reaction iHusbatee the 

IS friventionr 

tri(n-butyl)ammonlum t^{pentafluorophenyl) boron -i- bis{cyclopentadienyl) drconium dimethyl - 
[Cp2ZrMe] [BPh4] -f CH4 + tri(n-butyl)N 

A byproduct of the protonation reaction is a Lewis tsase (amine) some of which can coordinate to the 
cations and thus inhibit cataJyst activity. Starting materials must be chosen carefully to avoid generating 
20 particular amines which are catalyst poisons. 

Carbonium ion Chemistry - This method is illustrated by "Multiple Metal-Cartxxi Bonds", R. R. Schrodc 
P. a Sharp. J. Am. Chem, Soc.. p.2389-2399. VoL 100. Ho. 8 (April. 2. 1978). 

A problem with botti the carbomum ion chemistry method and the protonation metixxl is that they are 
poisoned by t>asic impurities fourxi in olefins and solvents, often resulting in runaway reactions. The high 
25 reaction temperature (over 1000 C) and ttie short duration of tiie polymerisation results In short chain 
lengths and low molecular weight 

Metallocene catalysts are sensitive to poisons in the absence of a scavenging agent, such as 
methylaluminoxane. Polymerisation requires high concentrations of the cations and frequently end up as 
either runaway reactions or yield no polymer at all. 

30 

SUMMARY OF THE INVENTION 



3S Accordingly, it is ^ object of this invention to provide a process for improving metal locene catalyst 
activity in polymerisation of olefins. 

And, it is an obfect of tills invention to use aluminum alkyi as a scavenging agent for poisons which 
reduce metallocene catalyst activity. 

Also, it is an object of this invention to use aluminum alkyl to Improve metal locene catalyst activity of a 
40 catalyst made by the protonation. cartwnium ion chemistry or one electron oxidation metiiod. 

Further, it is an object of tfils invention to reduce cost of a metallocene catalyst system. 

Additionally. It is an object of this Invention to eBmlnate nnethylaluminoxane (MAO) as a cocatalyst in 
polymerisation of propylene. 

As well, it Is an object of this invention to produce a metallocene catalyst which affects a controlled 
45 polymerization of olef ins without a methylaluminoxane cocatalyst 

These and other objects are accomplished by mixing an aluminum alkyl with an olefin, preparing a 
metallocene catalysti then mixing the catalyst with the aluminum alkyl-otefin mixUire witt)out a 
methylaluminoxane cocatalyst The metallocene catalyst is an ion pair formed from a neutral metallocene 
compourul and an ionizing compound. 

so 

DESCRIPTION OF THE INVENTION 



59 The invention is for a process of polymerising olefins without use of a metiiytafuminoxane cocatalyst 
and for a catalyst system for use In such a process. An aluminum allcyl is mixed with an olefin and then 
introduced into the presence of an ionic metallocene catelyst produced by mixing a neutral metallocene 
compound with an ionizing agent Molar ratios for metallocene:ionizing compoundialuminum alkyl range 
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from 0^:1:0.5 to 5:1:350 and are preferably from 0j62$:in.5 to 1^:1:77 and aro most preferably 1:1:1. 

In one example of a new syntheste procedure for a metallocene catalyst, an ionizing ionic compound, 
such as triphenylcafbeniun tetraWsCpentafluorophenyDborala, Is mixed with a neutral methyl derivat^es of 
metallooene of the general fonnula Cp2MI^ to produce the fbllowir^ reaction: 

5 cpaMBp + rcTiAT - rcpjMRp.,] Vr + R[Cr| 

where Cp is cydopentadcenyl or substituted cyclopentadjenyi, M is a Group III. IV, V or VI metal, R is a 
hydride, a halogen, an amide or a hydrocarbyl radical, p is 1 to 4 group, CT is a carbonlum, oxonium or 
suHbraum cafion. A* is an ani<»i which is not coordinated or Is only loosely coordouried to the cation of the 
metallocene and [CT] [AT is an ionizing agent which does not oontain an acthre protoa Each Cp can be the 

10 same or different Each R can be the same or different M Is preferably titanium, ziroonium or hafWum. R Is 
preferably an aOcyl. aryl. alkenyl. alkylaryl. or aryl^ racflcal of up to carbon atoms and Is most preferably 
methyl. Cp2MRp is preferably ethylene Ws (letrahydrolndenyl)zlrconlum dimethyl, ethylene IxsCmdenyi). 
hafnium dimethyl, ethylene Is (lndenyl)zlrconium dimethyl or Isopropyl Idene (cydopentadienyH-fluorenyl)- 
zlrcortium dimethyl and most prelerably ethylenebls^ndenyl)zirconlum cfimethyl. Each reactant Is placed In 

15 a solvent which is not coordinated or Is only loosely coonjinated with the metallocene cation, such as 
methylene chloride or toluene. The preferred solvent is toluene. 

The two reactants dissolved separately b\ the same solvents are mixed together at room temperaturo. 
The Ionising compound ionises the metallocene and an Ion pair is formed in which the metallocene cation 
acts as a catalyst After mixing, the mixture is added to an olefin under conditions to effect polymerisation. 

so The olefin is preferably propylene. This procedure Is covered by Patent Appflcation Serial Ho. 

(refierence Attorney Docket Number C0S574) which is hereby Incorporated by reference into this applica- 
tion« 

in another example of a synthesis procedure tor a catalyst, two components, the first being a neutral 
methyl derivative of a metaHocene, such as a t>i$(cyclopentadienyO metal compound, containing at least 

25 one 8id>stituent capable of reacOng wHh a proton and the second being an Ionic compound with a cat ion 
c^iable of donating a proton and an anion which is a coordination complex of a plurality of lipophilic 
radicals and a metal. The anion is bulky, labile and capable of stabilising ttie metal cation formed as a result 
of the reaction betvreen the two compounds. A proton provided by the cation reacts with a ligand of the 
metalkx»ne. An active catalyst Is recovered as a direct product or decomposition product of the reaction. 

00 This is the protonation method described above. The above procedure covered by European Patent 
Application PubCcation No. 0-277-004 whteh is hereby incorporated by reference bito this application. 

The neutral derivative of the metalkx:»ne is of the general fonnula: 
CpsMRp 

wherein Cp Is a cyclopendienyl or a substituted cydopendienyl group, each Cp being the same or different 

OS M is a Group III. IV. V or VI metal. R is a hydrocarbyl radkal, each r' being the same of different and p Is 
from 1 to 3. M is preferably tftantum. zircortium or hafnium and is most preferably zirconium. R is 
preferably an alkyl, and aryl an alkenyl, an alkylaryl or an aryialkyl having up to 20 carbon atoms. The 
neutral derivative of the metaltocene is preferably ethylene t^s {fetrahydroindenyi)ziroonium dimethyl or 
ethylene blsCindenyl)zlrconium dimethyl and is most preferably ethylene WsOndenyl)zlroonlum dimethyl. 

40 Tbe ionic compound is preferably N.N-dimethylanillnlum tetrakls(pentaf!uorophenyl) boronate. 

In another example of a synthesis procedure for a catalyst a neutral derivative of a metallocene, such 
as a cyctopentadienyl metal compound, of the general fonnula Cp2MR'2 or CpaMR'x where Cp is 
cydopentadienyl or std>stituted cydopentadienyl, M is a Group III, iV, V or VI metal, X is a halogen and R* 
is an alkyl combined with a tetraphenylborate metal compound. An X" or R- is at>stractsd from the 

45 metalkx:ene by the metal of the tetraphenylborate metal compound, resulting In an ton pair of the general 
formula [CpzMR] [BPh*r where BPh* is a tetraphenyl borate anion. 

An aluminum alkyl is mixed with an olefin and brought to reaction temperature. The aluminum alkyl Is oi 
the general formula AIRa ¥¥here R is an alkyl of up to six carbons, preferably trimethylalumlnum (TMA) or 
triethyialuminum (TEA1) and is most preferably triethyiaiumlnum. The olefin is any of the olef Ins but is 

60 preferably propylene or ethylene and is most preferably propyl ene. The mixture of aluminum alkyl and olef 
in is brought In contact with a metallocene catalyst The catalyst may be made by any known method, 
induding but not limited to those described above. 

The catalyst system is an tonic metallocene catalyst of the general formula: 
[Cp2MR#p.,] [Ar 

65 vyherein [Cp2MRp.i] Is a metallocene cation wherein Cp is cyctopentadienyl or substituted cydopen- 
tadienyl. each Cp being the same or different. M Is a Group III. IV, V or VI metal. Rrfi^ is a hydride, a 
halogen, an amkle or a hydrocarbyl radical, each R# being the same or different except if R is a hydride 
only one R# Is a hydride, p is from 1 to 3 and £Ar Is an anion. R# is preforably a hydrocartjyl radtoal.such 
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as an afkyi, an aryt, an alkenyl, an alkylavl or an arylalkyi having up to 20 cartx>n atoms and is most 
preferably an alkyl or aBooxy of up to six cartxm atoms or an aryl of up to 10 cart)on atoms. M is preferably 
a Qfocip IV metal, such as titanium, zirconium and hafnium and is most pceferably zirconium or hafnium. 
The metallocene cation is preferably a cation of ethylenebis(tetrahydroindenyI)z!rconfum dimethyl. 

5 ethyl6nebis(indenyI)zirconlum dimethyl, ethylenebis(indenyl)fiafnium dimethyl and isopropylidene 
(cyclopentadienyi-1-fluorenyl)ziroonium dimethyl and is most pnsferably ethylenebis(tstrahydroindsnyl>- 
zirconium dimethyl. The arion is preferably tetrakis(p6ntafluorophenyl)bor8to. The alumiruim.is as described 
above and Is most preferably TMA or TEA1 and is most preferal>ly TEA1. 

The following metallocene-ionlzing agent systems were evaluated with and without addition of an 

10 aluminum alkyl: 

1. EKInd)2ZrMe2>IPh3CI8Ph'4] 

2. a{lnd>2HfMe2/[PhaCIBPhV] 

3. Et(lnd)2ZrMe2/lMe2PhNIBW4] 

4. IPr(Cp-1-Flu)ZrMe2/tPh3C][BPhV] 
fs 5. Et(H4lnd)2ZrMe2/[PtidC]{BPhM 

6. Et^lnd)2ZrMe2/[IVIe2PhNIBPh'4] 
Et(lnd)2ZrVle2 is etfiylene bisOndenyl>zirconium dimethyl, iPr(Qp<1-F=lu)2ZrMe2 is isopropylidene 
(cydopentadienyM4luorenyl>zirconium dimethyl, Et(H4.lnd)2ZrMe2 is ethylene bisOetiahydroindenyl)- 
zirconlum dimethyll [PhaC] [BPhM is triphenylcarbenium tetrakis(pentafluofophenyl)borDnate. (Me2phN> 
so [BPhV] is N,fshdfmethylanilinium tetrakis(pentalluorphenyl)boronate. 

The invention having been generally described, the following examples are given as particular 
embodiments of the invention and to demonstrate the practice and advantages thereof. It is understood that 
the examples are given by way of Illustration and are not intended to limit the specificatipn or the claims to 
follow In any manner. 



GROUP 1: 



30 EXAMPLE I 



100 mg of tnphenylcart>enium tetrBkis(pentafluorophenyl) boronato was dissolved in 10 ml of toluene. 
60 mg of Et(ind)2ZrMe2 was dissolved In 10 ml of toluene. The taxo solutk>ns were mixed together for 5 
30 minutes at room temperature. 

Reactor temperature was set to 50^ and one fiter of propylene was pumped into the reactor. The 
catalyst mixture was added to a 40 ml stainless steel iDomb equipped with ball valves on each end. 400 ml 
of propylene was pumped through the bomb into the reactor. The reactor temperature remained at 50^ 
and the contents of the reactor were agitated for sixty minutes. At the end of the polymerization, the reactor 
40 is cooled and the unreacted propylene was vented from tfie reactor. 

The reactkin product was dried urKler vacuum at approximately 40°C for 12 hours. The polymer was 
then weighed and analysed for melting point The melting point was derived from differential scanning 
caiorimetry (DSC). The results are shown in Table I. 

45 

EXAMPLE II 



The procedure of Example 1 was repeated with the contents of ttie reactor being agitated for 30 
so minutes. The results are shown in Table I. 



EXAMPLE III 

55 The procedure of Example 1 was repeated with the contents of the reactor set point temperature being 
set at 70^. The results are shown in Table L 
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EXAMPLE IV 



0^ mmol of trimethylafumlnum (TMA) was dissolved In 5 ml of toluene and was added to a 2 Ster 
Zlpperdave reactor under 5 psig of nitrogen. Reactor temperature was set to 70^ and one liter of 
propylene was pumped Into the reactor. The mixture was sffared for ten minutes at 1200 rpm, 

100 mg of triphenylcarfoenium tstrakisftsentafluorophenyl) boronate was cfissofved fn 10 ml of toluene 
60 mg of ElClndhZrMea was dissofved m 10 ml of toluene. The two sokittons were mixed together for 5 
minutes at room temperature. 

The catalyst mixture was added to a 40 ml stainless steel bomb equipped with ball valves on each end 
400 ml of propylene was pumped trough the bomb Into the reactor. The reactor ten^ierature remained at 
7ijro and the contents of the reactor were agitated for sfoety minutes. At the end of the polynrarizalion, the 
reactor Is cooled and the unreacted propylene was vented from the reactor. 

The reaction product was dried under vacuum at approximately 40*»C for 12 houiu The polymer was 
then weighed and analyzed for melting point The melting point was derived from differential scannlna 
calorimelry (DSC). The resulte are shown In Table I. 

EXAMPLE V 

The procedure of Example H was repeated using 0.33 mmol of triettiyiarumlum (TEA1) and agitating the 
contente of the reactor for 10 minutes. The resulte are shown In Teble I. 

EXAMPLE VI 

The procedure of Example II was repeated using 0.33 mmol of trietiiylaluminum fTEAl). 50 mg of 
triphenyicarbenlum tetrakls<pentefluorophenyl) boronate and 30 mg of EKIndhZrMea. The contente of the 
reactor were agitated for 5 minutes. The results are shown In Table L 

EXAMPLE VII 

The procedure of Example II was repeated using 0.33 mmol of triethylaluminum (TEAI). 16 mg of 
triphenyicarbenlum tetrakls(pentaf!uorophenyl)boronate and 10 mg of El(lnd)2ZrMea. The contente of the 
reactor were agitated for ten minutes. The resulte are shown In TaWe I 

EXAMPLE VIII 

The procedure of Example II was repeated using 0.68 mmol of triethylalumlum {TEAl), 8 mg of 
triphenylcait)enium tetrakfs<pentafluorophenyOboronate and 2^ mg of EKInd)2ZrMe2- The contente of ttie 
reactor were ac^tated for sixty minutes. The resulte are shown In Table L 

EXAMPLE IX 

The procedure of Example II was repeated using 0.68 mmol of faiethylalumlnum (TEAl), 8 mg of 
triphenylcarbenium tetralds(pentafluorophenyt)boronate and 1.25 mg of Et(lnd)2ZriWle2. The contente of the 
reactor were agitated for sbdy minutes. The resulte are shown In Table L 

EXAMPLE X 
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The procedure of Example II was repeated using 0.66 mrTK>l of trfethylaJuminum (TEA1) - 8 mg of 
triphenytearbenlum t0trakis(pentaf1uorophenyl)bort>nate and 2.5 mg of Et(lnd)2ZrMe2. The contents of the 
reactor were agitated for thirty minutes. The resultB are shown in Table I. 

5 

EXAMPLE XI 



The procedure of Example II was repeated using 0.68 mnK>l of triethylaluminum (TEA1), 8 mg of 
70 triphenylcaft>enium t0trakis(pemafluorophenyl}boronate and 2.5 mg of EtClndhZrMoa. The content s of the 
reactor were agitated for forty minutes. The results are shown in Table I. 



EXAIMPUEXU 

IS 

The procedure of Example il was repeated using 0.33 mmol of triethylaJuminum (TEA1). 8 mg of 
triphenyicari^ium tetralds(pentafluorophenyl)boix>nate and 5 mg of Et(lnd)2ZrMe2. The contents of the 
reactor ¥vere agitated for thirty minutes. The results are shown In Tai>le I. 

20 

EXAMPLE XIH 



25 The procedure of Example II was repeated with 5 mg of El(lnd)2ZrMe2, 8 mg of [PhaCKBPhM, 0.66 
mmol of triethyl aluminum arid a run time of 30 minutes. The results are shown in Table I. 



EXAIMPLEXIV 

30 

The procedure of Example II was repeated with 2.5 mg of Et(lnd)22Zrf0e2. 8 mg of [Ph3CI[BPh'4]. 0.66 
mmol of trietfiyl alumlmim and a run time of 60 minutes. The results are shown In Table i. 

35 

EXAMPLE XV 



The procedura of Example II was repeated with 25 mg of B(lnd)2ZrM02. 4 mg of ph3C][BPh*4]. 0.66 
40 mmol of TEA1 and a run time of 30 minutes. Tfie results are shown in Table I. 



EXAIWPLEXVI 

The procedure of Exampia 11 was rapeated with 2.5 mg of Et(lnd)2 ZrMes, 4 mg of [PhsCJIBPhM, 0.99 
mmol of TEA1 and a run time of 30 minutes. The results are shown in Table I. 



60 EXAMPLBXVU 



The procedure of Example II was repeated with 2.5 mg of Et(Ind)2ZrMe2. 24 mg of (PhaCKBPhM. 0.66 
mmol of TEA1 and a run time of 30 minutes. The results are shown in Table L 

55 

EXAMPLf XVIil 



7 



EP 0 426 638 A2 



The procedure of Example H was repeated with 2^ mg EtOnd)2ZrMe2. 24 mg of PhaC][BPhM. 2.00 
mmdof TEAl andarun tfme of 30 minutes. The results are shown in Table K 



9 GROUP 2: 

EXAMPLE XIX 

10 



The piDcedure of Example II was repeated with 20 mg of 5(ind)2ZrMQ2. 80 r?^ of [Ph^CJIBPhM 0.42 
mntol of trimethyl aluminum and a run lime of 30 minutes. The resufts are shown In Table I. 



T6 GROUP 3: 



EXAMPLE XX 



2D The procedure of Example 1 was repeated with 2^ mg of Et(lndj22rMe2, 7 mg of IMe2PhN][BPh««l, 
and a run time of W minutes. The results are shown In Table L 



EXAMPLE XXI 



The procedure of Example II was repeated wtth 2.5 mg of EtflndhZrMea, 7.0 mg of [MeaPhNKBPhV). 
0,88 mmol triethyl aluminum and a run time of 5 minutes. The results are shown In Table I. 



30 

EXAMPLE XXII 

The procedure of Example II was repeated using 0.66 mmol of triethylalumlnum (TEAl). 7.0 mg of N. 
35 IWimethylanillnium tetralds(pentafluorophenyl)boronate and 2.5 mg of Et(lnd)2ZrMe2. The contents of the 
reactor were agitated for twenty-five minutes. The results are shown in Table L 

EXAMPLE XXIII 

The procedure of Example II was repealed using 0.66 mmol of triethylalumlnum (TEAl), 3.5 mg of N , 
N-dimethy»anienlum tetrakis(pentafluorophenyl)boronate and 1.25 mg of El(lnd)2ZrM02. The contents of the 
reactor were agitated for thirty minutes. The results are shown in Table I. 

45 

EXAMPLE XXIV 

50 The procedure of Example II was repeated with 1.25 mg of Et(lnd)2ZrMe2. 3.5 mg of [MezPhNIBPhV], 
0.66 mmol of triethylaluminum and a run time of 60 minutes. The results are shown In TMb L 

EXAMPLE XXV 

56 

The procedure of Example II was repeated with 0.625 mg of Et(lnd)22rMe2, 1.75 mg of [ME2PhN^ 
£BPhM, 0.66 mmol of triethylaluminum and a run time of 60 minutes. The results are shown in Tfible L 



fly' 
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GROUP 4: 



EXAMPLE XXVI 

5 



The procedure of Example 1 was repeated with 40 mg of IPr(Cp-1*Ru}2ZrMe2, 60 mg of [PhaC][BPh*4] 
and a run time of minutes. The results are shown in Table 1. 



10 EXAMPLE XXVII 

The procedure of Example 1 was repeated with 60 mg of iPr(Cp-1-FluhZrMe2. 100 mg of phaC]- 
[BPhVl and a run time of minutes. The resuHs ace shown In Table I. 

IS 

EXAMPLE XXVin 



The procedure of Example li was repeated with 60 mg of iPr(Cp-1-Ru}2ZrMe2, 100 mg of IPhaCh 
[BPhM 0.16 mmol of trimethylaluminum and a run time of 60 minutes. The results are shown in Table I. 

20 

EXAMPLE XXIX 

25 The procedure of Example il was repeated using 0.46 mmol of trimethylaluminum (TMA). 100 mg of 
[Ph3C][BPhM and 60 mg of iPr(Cp-1-fluhZrMe2, and a run time of 60 minutes. The results are shown In 
Tabie L 

30 EXAMPLE XXX 



The procedure of Example II was repeated with 20 mg of iPr(Cj>1-Ru)2ZrMe2, 60 mg of [PhgCIBPhV], 
0.16 mmol of trimethylaluminum and a run time of 60 minutes. The results are shown in Table 1. 

as 

GROUP 5: 



EXAMPLE XXXI 



The procedure of Example 1 was repeated with 15 mg of Et(H4lnd)sZrMe2. 30 mg of [Ph3C][BPh*4], 
and a run time of 60 minutes. The results are shown in Table I. 



EXAMPLE XXXll 



60 The pftDoedure of Example 1 was repeated with 20 mg of Et(H«lnd)3ZrMe2, 40 mg of [Phsc^BPhM. and 
a run time of 60 minutes. The results are ^own in Table 1. 



EXAMPLE XXXIIi 

6S 

The procedure of Example 1 was repeated with 20 mg of Et(H4lnd)sZrMe2, 40 mg of [PhsClIBPhM. 
and a run lime of 5 minutes. TTie results are shown in Table I. 
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EXAMPLE XXXIV 



The procedure of Example tt was repeated with 2.6 mg of Et(H*lnd>2ZrMej 8 mg of (PhaCIBPh^). 0^ 
5 mmol of TEA1 and a am time of 60 minutes. The resutte ara shown In Table i. 



GROUP 6: 
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EXAMPLE XXXV 

The procedure of Example 1 was repeated with 50 mg of Et(H4lnd)2ZrMe2, 40 mg of [MeaPhNIBPhM 
and a run lime of 120 minutes. The results are shown in Table L 

16 



EXAMPLE XXXVI 



The procedure of Example H was repeated with 2.5 mg of B<H*lnd)2ZrMe2, 9.2 mg of [Me2PhN> 
[BW*! 0^ mmol of TEA1 and a run time of 60 minutes. The results are shown in Table I 

The following results are from the experimentel runs described above using the method of the present 
Invention. 



90 



as 



40 



45 



50 



65 
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TABLE I 



Run ^ 


Cat^vst umol (ma) 


lontzloQ Agont unnol 




Al-alkyI 


Run TtfD© 






/rTKj) 




mmol 


min. 




Et(lncI)2ZrM92 


[Ph3CIBPh%] 








1 


159(60) 


109(100) 




0 


60 


2 


1 59^60) 


109/1(X)) 




0 


30 


3 


159/60) 


109/100) 




0 


60 


4 


159/60) 


109/100) 


TMA 


0.32 


60 


5 


159/60) 


109/100) 


TEA1 


0.33 


10 


6 


60(30) 


54(50) 




0.33 


5 


7 


26.5(10) 


17.3(16) 




0.33 


10 


8 


6.63(2.5) 


8.64(8) 




0.60 


60 


9 


3.36(1.25) 


8.64(8) 




0.66 


60 


10 


6.63(2.5) 


8.64(8) 




0.66 


30 


11 


6.63(2^ 


8.64(8) 




0.^ 


40 


lb 


19 3/«5) 






0,33 


30 


1 o 


10 o/c\ 






06B 


30 


14. 




8.64(8) 




0.66 


60 


1 9 


6.63(2.5) 


4 3/4) 




0.66 


30 


16 
1 o 


6 6^2 5) 


4^4) 




0.99 


30 


17 


6.63(2.5) 


26(24) 




0.66 


30 


18 


6.63(2.5) 


26(24) 




2.00 


30 




EtOncQaHfMea 


[PhaCHBPhM 










53(20) 


85(80) 


TMA 


0.42 


30 




Et(lnd)2ZrMe2 


[Me2PhrM][BPh\] 








20 


5.6(2.5) 


8.7(7.0) 




0 


60 


21 


6.6(2.5) 


8.7(7.0) 


TEA1 


0.66 


5 


22 


6.6(2.5) 


8.7(7.0) 




0.OD 




23 


33/1^5) 


435/3 5) 




0.66 


30 


24 


3 3/1 25) 


4 35/3 5) 




0.66 


60 


25 


1 .65/ 0625) 


2-175/1 .75) 




0.66 


60 




iPr(Cp-1 -Ru)ZrMe2 


[PhaCIBPnVj 








26 


102(40) 


65(60) 




0 


60 


27 


1 54/60) 


109/100) 




0 


60 


28 


154(60) 


109(100) 


TMA 


0.16 


60 


29 


154(60) 


109(100) 




0,48 


60 


30 


51(20) 


65(60) 




0.16 


60 




Et(H^lrid)2ZrMe2 


[PNCHBPhM 








31 


40(15) 


33(30) * 




0 


60 


32 


53(20) 


44(40) 




0 


60 


33 


80(30) 


67(60) 




0 


5 


34 


7(2.5) 


8.8(8.0) 


TEA1 


0.66 


60 




Et(H4lnd)2ZrMe2 


tMe2PhNlIBPhM 








35 


133(50) 


44(40) 




0 


120 


36 


7(2.5) 


10(0.2) 


TEA1 


0.66 


60 
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Run# 


Polymerization 
Tempf*0 


Yield 
(gms) 


Melting 
TempPQ 




1 


50 


19 


137 


6 


2 


GO 


11 


125 




3 


70 


8 


126 




4 


70 


270 


124 




5 


7cr 


340 


126 




6 


70* 


432 


No Melt 


10 


7 


70* 


260 


118 




8 


70 


319 


129 




9 


70 


89 


132 




10 


70 


117 






11 


70* 


377 


131 


IS 


12 


70 


22 


132 




13 


70 


61 


131 




14 


70* 


357 


127 




IS 


70 


9 


132 




16 


70 


11 


134 


20 


17 


70 


149 


131 




18 


70 


62 


130 




19 


70 


51 


131 




20 


70 








21 


70* 


106 


125 


26 


22 


TO* 


405 


127 




23 


70" 


434 


127 




24 


70 


385 


131 




25 


70 


253 


131 




26 


BO 


2 




80 


27 


70 


51 






28 


70* 


284 


116 




29 


70- 


268 


117 




30 


70- 


156 


116 




31 


50 


2 


142 


35 


32 


50 


35 


138 




33 


120 


70 


127 




34 


70 


154 


115 




35 


50 


50 


133 




36 


70 


116 


116 



'Exothemn; reaction temperalure increased by more than 10^. 



The process described by this invention synthesizes cations vyhich are used as catalysts in olefin 
46 polymerization. 

The process of making catalysts with this Invention produces catalysts having high activity and reduces 
the by-products which can InHbft catalyst activfty. This new synthesis also reduces the catalyst poisons 
found fn the solvents which can Inhibit catalyst activity. 

The addition of an aluminum alkyl to Ionic metallocene catalyst systems was found to result in 
50 reproducibte. controllable, high efficiency polymerizations. The addition of an alicyi aluminum provides a 
scavenging agent for catalyst poisons. The quantity of aluminum alkyl added Is relatively small and 
aluminum alkyls are relatively Inexpensive. The metaltocene cation/alumlnum alkyl combination results in a 
better catalyst system than the cations alone and give consistently high activities. 

Obviously, nwnerous mocflflcallons and variations of the present Inventfon are possible In Hgftt of the 
66 above teachings. It Is therefore to be understood that within the scope of the appended claims, the invention 
may t>e practiced othenrWse than as specifically described herein. 
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Claims 

1. A process for polymerization of olefrns comprising: 
a) mixing an aiuminum aOcyi with an olefvi; 

6 b) prBparfng a metallocene catalyst 

c) mixing the catalyst with the aluminum alkyl-olefin nuxture. 

wherein the aiuminum aOcyl Is of the general fonnula AIR3 where R is a halogen, oxygen, hydride, alkyi. 
atkoxy or aryl, each R being liie same of <fifferent and at least one R is an alkyl; and 
whereif^ tiie metallocene is an ion pair formed from a neutral metallocene compound and an ionizing 
TO compound. 

2. A process as recited In Claim 1 wiierein R is an alkyl or alkoxy of up to six cartx>ns or an aryl of up to 10 
cartoons. 

3. A process as recited In Claim 2 wfterein the molar ratio for metallooene:lonizing compoundcaiuminum 
alkyl ranges from 0.5:1 lOJS to 5:1 :350. 

15 4. A process as recited in Claim 3 wtierein Hie molar ratio for m8tBllc>cene:lonizlng compoundzaluminum 
aOcyt ranges from 0.625:1:1.5 to 1.5:1:77. 

5. A process as recited in Claim 4 wherein the molar ratio fbr metallocenetionizing cbmpoundaluminum all 
Is 1:1:1. 

6. A process as redtsd in Claim 5 wherein the aluminum aficyl is selected from the group consisting of 
20 fariettiylaluminum and trimethylalumtnum. 

7. A process as rooted in Claim 6 wherein the aluminum alkyl is triethylaluminum. 

8. A process as recited in claim 1 wherein the catalyst is prepared by the fbilowing steps comprising: 
a) mixing an ionizing k)nic compourvj with a neutral methyl derivative of a metallocene: and 

b> albwing contact between the ionizing ionic compound and the neutral methyl derivafh^e of a metallocene 
25 to generate an ion pair in whk:h tiie metallocene cation acts as a catalyst: 
wherein tiie neutral derivative of a metalboene is of the general formula: 
CpzMR'p 

wtierein Cp Is a cyckspentadienyl or a sutistttuted cyclopentadienyl group, each Cp being the same or 
different; M is a Oro^ III, IV. V or VI metal, R* is a hydrkle, a halogen, an amide or a hydrocart>yl radical, 
30 each R* being the same or differerrt, except only one 17 is a hydride and p is from 1 to 4; 

wherein the ionizing ionic compound does not contain an acthfa proton and contains a caitxxilum. oxonium 
or sulfonium cation; and 

wtierein the anion of the loryzing tonk: compound Is not coordinated or is only kx)sely coordinated to the 
metal locene cation and is chemk:ally unreactive with the metallocene cation. 
3S 9. A process as rscited in Claim 8 wherein the olefin is propylene. 

10. A process as recited in Claim 7 wtierein R is a hydrocarbyl radical selected from the group consisting of 
an alkyl, an aryl, an alkenyl. an alkylaryt and an arylaDcyl having up to 20 carbon atoms. 

1 1 . A process as recited in Claim 10 wherein the M is A Group IV metal selected from the group consisting 
of titantum. zirconium and hafnium. 

40 12. A process as recited in Claim 1 1 wherein tiie M is hafnium or zirconium. 

13. A process as recited in Claim 12 wherein the neutral methyl derivative of a metalkxsene is ciiosen from 
the group consisting of ethylenebis(t^rahydrolndenyl) zirconium dimethyl, ethylenebis{indenyl)zirconium 
dimethyl, ethylene bis(indenyl)hafhlum dimethyl and isopropylidene (cyclopenladienyl-1-fluorenyl)zirconium 
dimethyl. 

45 14. A process as redted in Claim 13 wheroin the tonizing Ionic compound is triphenylcarbenium tstrakls- 
(pent8fiuor<^henyl)boronate. 

15. A proce s s as recited In claim 1 wheroin the catalyst Is prepared by the following steps comprising: 

a} combining, in a suitable solvent or diluent, at least one first compound consisting of a neutral methyl 
derivative of a metallocene containing at least one substituent capable or reacting with a proton, the 
so metallocene containing a metal selected from the group consisting of titanium, zirconium and hafnium 
and at least one second compound comprising a cation, capable of donating a proton, and an ank>n 
formed as a result of the reaction between the two compounds: 

b) maintaining the contact in step a) for sufficient period of time to permit the proton provided by the 
catfon of the second compound to react with a Ugand of the first compound; and 
56 c) recovering an active catalyst as a direct product or as a decomposition product of one .or more of the 
direct products from step b). 

16. A process as roctted in Claim 15 wherein the olefin is propylene. 

17. A process as recited in Claim 16 wherein the neutral methyl derivative of a metallocene Is of ttie general 
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formula: 
Cp2MR'p 

wherein Cp Is a cydopentadienyl or a substftuted cydopentadiefiyf group, each Cp being (he same or 
different, M Is a Group III. IV. V or Vi metal, r' Is hydnxaiDyl radical, r' being the same or different, 
and p is from 1 to 4. 

ia A process as recited in Claim 17 wheroin tfie M is sefeded from the group consisting of titanium, 
zirconium and hafnium. 

1fi. A process as redted in Claim 18 wherein the M Is adiconlum. 

20. A process as recited m Claim 19 wherein r' Is selected from the group consisting of an alkyl, an aryl. 
an aOcenyl, an alkylaryl and an arylalkyl having up to 20 catbon atoms. 

21. A process as redted h Claim 10 wherein the neutral methyl derivative of a metallocene Is chosen from 
the group consisting of ethylene bls(tetrahydix)tndenyl) zirconium dimethyl and ethylene bls(indenyl)- 
ziroonium cGmethyl. 

22. A process as redted in Claim 21 wherein the first compound is ethylene bl$(indenyl)zirconium dimethyl. 

23. A process as redted in Claim 22 wherein the second compound is N.N^methylaninum tetralds 
(pentafluorophenyl) boronata. 

24. A process as recited In Claim 1 wherein the catalyst is prepared by the fbllowing steps comprising: 

a) combinf n^ a cydopentadienyl metal compound of the general formula 
CP2MR 2(R X) 

wherein Cp is cydopentadienyl or substftuted cydopentadienyl, M is a Group III, IV. V or VI metal, X Is a 
halogen and R Is an aflcyl combined vvith a trtraphenylborate metal compound; 

b) maintalr^ng the contact in step a) for suffident period off time to pennit abstraction of an or a R- 
lon from the cyclopendlenyl metal compound by the metal of the tetrapheny&xxate metal compound: 
and 

c) fonming an Ion pair of the general formula: 
[CpzMR'l^CBPh^r 

25. A catalyst system comprising: 

a) a metallocene catalyst; and 

b) an aluminum alkyl; 

wherein the aluminum alkyl is of the general fbmiula AIRs where R Is a halogen, oxygen. hydrWe. alkyl, 
alkoxy or aryl, each R being the same of different and at least one R is an alkyl 
wherein the metallocene catalyst is an ton pair of the general fonnula: 
(Cp2MR#p.,]*[Ar 

aluminum alkyl is selected from the group consisting of triethylalumfnum and trimethyiakiminum. 
32. A catalyst as redted in Claim 31 wherein the aluminum aflcyl is triethylaluminum. 
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